Abstract. Bisected bovine embryos were co-transferred with trophoblastic vesicles (TVs). These TVs were prepared by dissection of conceptuses that were collected by uterine flushing after culture for seven days in the uterus following transfer of embryos derived by in vitro fertilization (IVF). Pregnancy diagnoses were performed twice, between Day 26 and Day 43 and between Day 38 and Day 73 post-estrus by ultrasonography. The pregnancy rate was significantly increased at first pregnancy diagnosis when demi-embryos were transferred with TVs (66.7%, 16/24) compared with the control group (34.5%, 10/29) (P<0.05). Three losses occurred in the co-transfer group between the first and second pregnancy diagnosis. The final pregnancy rates according to delivered offspring were 41.7% (10/24) and 27.6% (8/29), respectively. There were no statistically significant differences between the pregnant and non-pregnant groups with regard to the average diameter of the TVs measured before transfer at three points during the gestation period. The birth weight and gestation lengths of the offspring were almost the same for the co-transfer and control groups. In the co-transfer group, the genetic identities of calves from the separated embryos were not affected by the TVs, as confirmed by parental blood type testing. Delivered offspring in co-transferred groups showed normal morphology. In conclusion, the present study indicates that co-transfer of TVs prepared from conceptuses cultured in vivo following transfer of IVF embryos enhances the fertility of demi-embryos during the early stages of pregnancy, as has similarly been shown in previous research for those prepared from in vivo embryos.
nhancing fertility using signals involving maternal-fetal recognition has been reported in several ruminant studies. Administration of trophoblastic proteins such as bovine trophoblast protein-1 (bTP-1) [1] [2] [3] , interferon-α (IFN-α) [2, 4, 5] , interferon-τ (IFN-τ), and recombinant proteins [6, 7] is effective in extending the luteal lifespan during early pregnancy. Secretion of IFN-τ from trophoblast cells has been shown to be the first embryonic signal for maternal recognition of pregnancy [8] . For effective support of pregnancy, these proteins need to be administered twice daily, for 5 to 8 consecutive days from the beginning of luteolysis. This may be one reason that has prevented their widespread use for improving embryo survival during embryo transfer. Cotransfer of trophoblastic vesicles (TVs) with embryos is a well-known method used to promote pregnancy. Its success is probably due to the secretion of maternal recognition signals by TVs. Previous research has shown that transferred TVs develop to at least 25 to 28 days by the time of slaughter [9] . Maternal-fetal recognition signals might have been secreted up until the time of slaughter because these recipient cattle had functional corpora lutea. Therefore, co-transfer with TVs can be considered an effective tool for supporting pregnancy after embryo transfer.
In general, TVs are prepared from approximately Day 14 conceptuses derived from in vivo-fertilized embryos after superovulation and artificial insemination. However, obtaining TVs from conceptuses by in vivo fertilization is labor intensive. On the other hand, techniques to obtain a large number of embryos by in vitro fertilization (IVF) have progressed in recent years. Secretion of IFN-τ has been detected in embryos produced in vitro [10] [11] [12] , and these embryos can be used successfully to obtain the TVs for co-transfer after in vivo culture.
The viability of bisected embryos can be decreased after transfer because of cell damage and/or a fall in cell number in comparison with intact embryos [13, 14] . Pregnancy rates are reported to increase with the number of transferred embryos [15] [16] [17] . Therefore, enhancement of the pregnancy signals from trophoblast cells by cotransfer with TVs might improve the pregnancy rate of demi-embryos [18] .
In a study of co-transfer of embryos with TVs, it was reported that transferred TVs with a length from 0.4 to 2.0 mm were able to prevent luteolysis [8] . However, the relationship between the size of TVs and luteotrophic ability is not clear. In addition, the progress of pregnancy, results of delivery, and normality of offspring have not been studied in detail, although improvement of conception rate by co-transfer of TVs in the early stages of pregnancy has been documented.
The purpose of the present study was to investigate the changes in the pregnancy rate of demi-embryos after transfer with or without TVs prepared from in vivo-cultured IVF embryos. In addition, we looked at the effect of size of the transferred TVs on the maintenance of pregnancy throughout the gestation period.
Materials and Methods

Preparation of trophoblastic vesicles
Oocytes, obtained from ovaries collected from a slaughterhouse, were matured for 20 h in 25 mM Hepes buffered tissue culture medium 199 with Earle's Salts (TCM-199; Gibco, Grand Island, NY, USA) containing 5% heat-inactivated calf serum (CS; Gibco, Grand Island, NY, USA). The oocytes were then fertilized with sperm from Japanese black bulls for 5 h in BO medium [19] . In vitro culture of embryos was performed using CR1aa containing 5% CS [20] .
On Day 7 following IVF, groups of 10 embryos each that had developed to good quality blastocysts were transferred into the uterine horn ipsilateral to the functional corpus luteum of 9 Japanese black cows on Day 7 of their estrous cycle. These cows all had normal estrous cycles during the pre-study period.
Uterine flushing was performed 7 days after embryo transfer using a two-way 18 Fr Foley balloon catheter with two holes (each of 6.0 × 3.5 mm diameter) at the tip (Fujihira Industry Co., Ltd. Tokyo, Japan). In total 38 conceptuses and embryos were recovered and examined. Five conceptuses that on morphological observation appeared to be fragmented and/or had no clear embryonic disc, 13 conceptuses that measured less than 3 mm, and 4 degenerated embryos were excluded.
Sixteen conceptuses that had elongated to more t h a n 3 m m i n s i z e a n d t h a t h a d a n o r m a l m o r p h o l o g y w e r e s e l e c t e d a n d p l a c e d i n Dulbecco's PBS (D-PBS; Gibco, Grand Island, NY, USA) containing 20% CS. Embryonic discs were removed and the remaining tubal trophoblast parts were dissected into fragments of approximately 1 to 1.5 mm in diameter using a surgical blade (#24, Feather Safety Razor, Osaka, Japan). Five to 10 trophoblastic fragments were then incubated in 500 µl of TCM-199 containing 20% heat-inactivated fetal calf serum (FCS; Sebak, Aidenbach, Germany) at 38.5 C for 24 h in a humidified atmosphere of 5% CO2 in air. The diameters of the TVs formed from the dissected fragments were measured using an inverted microscope equipped with a micrometer just before co-transfer.
Preparation of demi-embryos
Superovulation in the Japanese black donor cows was carried out by injection of total doses of 24 A.U. of follicle-stimulating hormone (FSH-R, Denka, Kawasaki, Japan) and 500 µg prostaglandin F2α (Cloprostenol, Sumitomo, Osaka, Japan) followed by artificial insemination. On Day 7, late morula to blastocyst stage embryos were recovered by uterine flushing. Morphologically, embryos classified as excellent and good quality were selected and used in this study. Demi-embryos were prepared using a single micromanipulator (Narishige, Tokyo, Japan) equipped with an ophthalmic surgery micro blade (Micro Feather Blade #K-715, Feather Safety Razor, Osaka, Japan) without holding the pipette [21] . Bisection of embryos was performed in a 70-µl drop of D-PBS supplemented with 20% CS. Then, the divided embryos were cultured until transfer in pairs in 50 µl of TCM-199 supplemented with 20% FCS at 38.5 C for 24 h in a humidified atmosphere of 5% CO2 in air.
Transfer of demi-embryos with TVs
Two viable demi-embryos were loaded into a 0.25-ml straw containing D-PBS supplemented with 20% CS and one or two TVs. Twenty-two recipients were co-transferred with one TV possessing diameter between 625 µm and 2500 µm.
Two recipients were co-transferred with two TVs possessing diameters of 1400 µm and 1675 µm, and 2125 µm and 2425 µm. Embryos were then transferred into the uterine horn ipsilateral to the functional corpora lutea of 24 Japanese black/ Holstein cross-bred recipients using an ET-gun (IMV, France). As a control, two demi-embryos were transferred into 29 recipients without TVs. Both groups of recipients were fed and managed in the same manner, and estrous behavior was observed at least twice daily, in the morning and evening.
Pregnancy diagnoses and delivery records
Pregnancy diagnoses were performed twice after embryo transfer between Day 26 and Day 43, and also between Day 38 and Day 73 post-estrus by ultrasonography (SSD500, Aloka, Tokyo, Japan). Pregnancy was confirmed by observation of a fetus in the intraluminal uterine fluid and embryonic membranes. When only the fluid was observed between Day 26 and Day 33, as the basal period in the first pregnancy diagnosis, to accurately detect pregnancy, examinations were carried out again between 7 and 10 days later [22, 23] . The second pregnancy diagnosis, which included a twin pregnancy diagnosis, was performed between Day 38 and Day 58. To avoid false-negative diagnosis of twin pregnancy, examinations were carried out again 14 days later when a single fetus was observed during this period, [24, 25] . The final pregnancy rate was recorded after delivery. The birth weights of the offspring were recorded within 6 h of delivery. The gestation lengths were calculated based on the day of estrous (Day 0) of the recipients. The genetic identity of female calves was confirmed by comparing blood type details against sire and dam pedigree registration information.
Animal care and use
All animals received humane care according to law no. 105 and notification no. 6 and no. 22 of Japanese Guidelines for Animal Care and Use.
Statistical analysis
The Chisquare test was used for statistical analysis of the pregnancy rates. Student's t-test was used to analyze the interestrous intervals of non-pregnant recipients after transfer, the difference in the diameters of TVs between pregnant and non-pregnant recipients, and the gestation periods and birth weights in recipients with and without TVs transfer. Table 1 shows the average number of days (range) for the interestrous intervals of nonpregnant recipients receiving two demi-embryos, with or without TVs. Seven recipients in the cotransfer group (with TVs) and 16 in the control group (without TVs) returned to estrus before the first pregnancy diagnosis was made, and the lengths of the estrous cycles for these groups were 23.9 ± 5.7 and 21.7 ± 2.8 days, respectively. The interestrous interval after transfer of two demiembryos with TVs was almost two days longer than in the controls, although this was not statistically significant (P=0.2). Figure 1 shows the pregnancy rate and the progress of transferred demi-embryos with or without TVs. At the first pregnancy diagnosis between Days 26 and 43 post-estrus, the pregnancy rate when demi-embryos were co-transferred with TVs (66.7%, 16/24) was significantly increased (P< 0.05) compared with the control group (34.5%, 10/ 29). At the time of second pregnancy diagnosis, three lost pregnancies were observed in the cotransfer group. At this diagnosis point, the twin pregnancy rates in the co-transfer and control groups were 16.7% (4/24) and 10.3% (3/29), respectively. After the second diagnosis up until Day 240, abortion was observed in three recipients in the co-transfer group, including two sets of twins, and two recipients in the control group, including one set of twins. Successful delivery was observed in 10 co-transfer recipients and 8 control group recipients, giving final pregnancy rates of 41.7% (10/24) and 27.6% (8/29), respectively. Two recipients of demi-embryos in each group successfully delivered twins, resulting in a twin pregnancy rate of 8.3% (2/24 recipients) in the cotransfer group and 6.9% (2/29 recipients) in the control group. Figure 2 shows the association between the diameter of co-transferred TVs and successful pregnancy and delivery. For the two recipients cotransferred with two TVs, the TV diameters of each were summed for the analysis, and were 3075 µm (1400 µm and 1675 µm) and 4550 µm (2125 µm and 2425 µm). There were no statistically significant differences (P=0.18) between the average diameters of TVs in recipients that were pregnant at first The average birth weights of offspring in the cotransfer and control groups were almost the same, 31.4 ± 4.6 kg and 31.2 ± 3.7 kg, respectively ( Table  2 ). The average length of gestation was also similar between these two groups, 288 ± 4.3 days and 291 ± 5.8 days, respectively. The genetic identities of female calves proved, by means of parentage tests, to be derived from embryos and not from the cotransferred TVs. The delivered offspring from both groups showed normal morphology. No abnormal conceptuses, such as acardiac amorphous, were delivered from the TVs.
Results
Discussion
Co-transfer of TVs with demi-embryos increased the pregnancy rate in the early stages. However, by the middle stage, the pregnancy rate had declined in the co-transfer group. The birth weight of offspring and gestation lengths were also similar between the groups. The genetic identities of the calves developed from embryos were confirmed by parentage tests to have developed from transferred embryos rather than the transferred TVs. All live births had normal morphology.
As it is known that IFN-τ secreted from TVs prevents luteolysis, we expected that the estrous cycles might be prolonged even though embryonic death occurred in the co-transfer group. Similarly, in a previous investigation using dairy cows, the transfer of three TVs alone did not extend the estorus cycle [26] . On the other hand, another report has demonstrated that the estrous cycle was extended by more than 25 days in 66.7% of beef cattle and by more than 20 days in 58.3% of sheep after the transfer of one or two TVs [9] . Moreover, it has been suggested that approximately 20% of cattle do not respond to IFN-τ treatment because of a d eficie ncy of r ece ptors or post-r ece ptor mechanisms [27] . In the present study, similarly, 20.8% (5/24) of recipients in the co-transfer group returned to estrus in less than 25 days.
The pregnancy rate was significantly (P<0.05) higher in the co-transfer group compared with the control group at first pregnancy diagnosis, which was carried out between Days 26 and 43 postestrus. However, the pregnancy rate declined in the co-transfer group during the period of the second diagnosis. Between second diagnosis and term, the rate of abortions was almost same in the co-transfer (23.1%) and control groups (20.0%). A study of embryo losses between co-transfer and conventional embryo transfer up to Day 90 suggested that embryo loss occurred between Days 45 and 60 when TVs were co-transferred with embryos. In contrast, embryo loss is observed m a i n l y b e t w e e n D a y s 2 1 a n d D a y s 4 5 i n conventional embryo transfer [28] . Similar data has been reported in sheep using cloned embryos [29] . The first pregnancy diagnosis in our study was made between Days 26 and Days 43, which represents a relatively broad period of time. Based 31.2 ± 3. 7 10 2)
1) included two sets of identical twins. 2) included two sets of identical twins.
on information from the two earlier reports referred to above, embryo losses may have already occurred in the control group before the first diagnosis judging from the low pregnancy rate that was seen in this group compared with that of the co-transfer group. This also suggests that embryo losses in the co-transfer group may have been comparatively delayed; a viewpoint that is supported by the fact that the pregnancy rate in the co-transfer group declined at the second diagnosis. Fetal losses were observed in both the co-transfer (23.1%) and control groups (20.0%) after the second diagnosis. Although the percentage of fetal loss seems high at the middle pregnancy stage, these cases included twin pregnancies. Since 26% of abortions in twin pregnancy are observed at this stage [30] , we considered that these losses in the cotransfer and control groups were not due to the effect of transferred TVs. The effect of size and the number of cotransferred TVs on pregnancy rate during gestation has not been adequately studied. The diameters of TVs were compared between pregnant and nonpregnant recipients at three points in the gestation period, and there was no significant difference between both groups. Since most recipients were transferred one TV except for two recipients that were transferred two TVs, the affect of the number of TVs on pregnancy was not clear in the present study. However, maintenance of pregnancy during the gestation period could possibly be influenced by the size and the number of TVs at time of transfer. Considering that the length of the conceptus on Day 15 is about 16 mm (range 5-20 mm) in pregnant cows [31] , the amount of maternal recognition signal might increase according to size of TVs. In another study, the progesterone concentration was investigated for its influence on the development of conceptus and production of IFN-τ. Day 16 conceptuses of cows with an earlier rise in progesterone to a higher luteal phase concentration were well-elongated and produced larger quantities of IFN-τ than small poorly developed conceptuses [32] . Therefore, it has been proposed that the larger TVs are more able to effectively maintain pregnancy at the early stage. Since the amount of secreted IFN-τ is dependent on the number of trophoblast cells, bigger and larger numbers of co-transferred TVs might be more effective in the enhancement of pregnancy. On the other hand, co-transferred TVs were chosen only by morphological observation. There is a possibility t h a t s o m e c o -t r a n s f e r r e d T V s h a d l e s s developmental activity and insufficient maternal recognition signals after transfer because of physical damage caused by dissection. More studies are required in regard to the viability of TVs and the secretion of IFN-τ from TVs following dissection and transfer.
A previous report showed that transferred TVs appeared as partly degenerated membranes, free of any fluid, on Days 25, 27, and 28 in the cow, and on Day 26 in the ewe [9] . Co-transferred TVs have less potential for development up to delivery because of the lack of an embryonic disk and degeneration. Since the birth weight and gestation length of offspring were almost the same for both groups, it appears that transferred TVs had no affect on normal development, safety, or nutritional status of the fetus in utero. Embryos exposed to the in vitro environment during the first 7 days are highly influenced in terms of latter development, resulting in such things as less compaction [33] , a high rate of chromosomal abnormalities [34] , fetal loss, large offspring syndrome, or dystocia on fetal and placental development [35, 36] . Nevertheless, the present results showed that co-transfer of TVs prepared from in vivo-cultured conceptuses following transfer of in vitro-produced embryos enhanced the pregnancy rate in the early stages of the gestation period, which is similar to the effect of TVs derived from in vivo-fertilized [9, 28, 29] embryos.
In conclusion, the results of the present study indicate that co-transfer of TVs prepared from conceptuses cultured in vivo following transfer of IVF embryos has the ability to support the fertility of demi-embryos in the early stages of pregnancy. All calves derived from bisected embryos showed normal morphology, good healthy conditions, birth weights and gestation periods, and were similar to the control group. The genetic identities of the calves were not affected, even for those embryos that were co-transferred with TVs derived from IVF embryos. Further studies regarding the size and number of TVs, the amount of secreted IFN-τ and pregnancy-supporting ability may be important for investigating the mechanisms of maternal-fetal recognition and for promotion of pregnancy rate.
